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In previous publications we reported that the occurrence of epidermal tumors
induced in mice by external applications of methyicholanthrene was accelerated
when the animals received injections of cortisone acetate during the period of
painting (1, 2). It was pointed out that further and more extensive experiments
were necessary to substantiate these observations made on a relatively small
number of animals. The importance of renewed experiments was accented by
the fact that some observations reported by other investigators seemed to dif-
fer from our results.
During continuous peroral or external treatment of mice with cortisone, Boutwell and
Rusch observed a decreased incidence of papillomas—indueed either with benzpyrene, or
by a single application of dimethylbenzanthracene and frequent subsequent applications
of croton oil. In these experiments the incidence of epidermal carcinoma was not altered
(3). Engelbrecht-Holm and Asboë-Hansen likewise noted a reduction in the number of
papillomas produced by one painting with dimethylbenzanthracene and subsequent paint-
ings with croton oil, when the mice received cortisone intraperitoneally for a long period of
time (4). Zachariae and Asboë-Hansen, moreover, observed regression of papillomas already
present after injection of hydrocortisone acetate beneath the pedicle of these lesions (5).
In a small group of mice, Baserga and Shubik (6) observed a lower incidence of externally
induced epidermal methyicholanthrene tumors in animals receiving intraperitoneal corti-
sone injections as compared with control animals receiving no such injections. Chemically
induced, as well as transplanted tumors, however, showed a definitely greater tendency to
produce metastases after cortisone administration.
Ghadially and Green noted a significant reduction in the formation of papillomas in
mice painted with dimethylbenzanthracene, when cortisone was applied externally for the
duration of the "developmental phase of carcinogenesis" (7).
Unlike the cortisone administration in our own experiments, the steroid treat-
ment in these other studies was either continued throughout the period of tumor
formation, or was employed only when tumors were already present.
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Thus it is evident that our experiments had to be resumed on a larger scale,
in order to prove or disprove the validity of our previous results, and to ascertain
whether the divergence of our observations from those of other investigators was
actually due to differences in the experimental conditions. In addition, a number
of different factors had evolved from our studies, which appeared to deserve
special attention because of their possible influence on the incidence of skin
tumors in mice treated with cortisone.
In the forthcoming sequence of communications we shall describe the results
of renewed experiments with methylcholanthrene and cortisone, with particular
reference to these (rather heterogeneous) factors of potential influence, each
studied in a separate series of pertinent experiments.
The factor which received special consideration in the studies reported in this
first communication is the possible influence of excision trauma to the skin area
painted with methyicholanthrene during administration of cortisone.
There were indications in our previous experiments (1, 2) that skin excision
for biopsy tended to increase further the acceleration in the occurrence of tumors
observed after treatment with cortisone. The excisions, however, were performed
in only a small number of animals and without adequate standardization of the
experimental conditions, so that this question was subjected to renewed investi-
gation in larger groups of mice and under more carefully controlled conditions.
METHOD AND MATERIALS
Animals. Four hundred female albino mice of the Swiss strain, from Bio-Laboratories,
Breeding Institute and Albino Farms, Bainbridge, New York, three months of age; fed on
unrestricted amounts of "Rockland mouse diet" and water.
Carcinogen. 20-Methylcholanthrene (Distillation Products Division, Eastman Kodak
Co., Rochester, N. Y.) 0.6% in Carbowax 1500 (Carbide and Carbon Chemicals, New York,
N. Y.)—weight per weight; the solution was prepared under careful heating of the vehicle
(41°C) and re-heated prior to each application.
Cortisone. A suspension of 1.7 mgm. cortisone acetate per ml. of physiologic saline solu-
tion was obtained by diluting a 1.5% suspension of cortisone acetate in saline, supplied by
Merck & Co., Inc.' At each administration, 0.25 ml. of the diluted suspension (i.e. a dose of
approximately 20 mg. cortisone acetate per kg. fasting weight) was injected subcutaneously.
The injections were performed in either one of the inguinal regions.
Experimental Design. In all (400) mice, the hair of the interscapular area was clipped
carefully at the beginning of the experiment; and the methyicholanthrene solution in car-
bowax was applied with a camel's hair brush (,4) in a single stroke, extending about 1.5
cm. from the neck, along the midline of the back. The applications were repeated five times
a week, for three consecutive weeks.
The total number of mice was divided into eight groups of 0 animals each. In four of
these groups, every mouse received cortisone by subcutaneous injection on five consecutive
days during each of the three weeks of painting. In one of these four groups (Ia) no biopsy
excision was performed; in the second group (ha), a biopsy excision was performed in each
animal from the skin of the interscapular area during the first week of the experiment; in
the third group (lila), a biopsy excision was carried out during the third week of the experi-
ment; and in the fourth group (rVa), one biopsy excision was performed during the second,
and another during the third week of the experiment.
1 We are indebted to Merck & Co., Inc., Rahway, N. J., for providing us with the suspen-
sion for this experiment.
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The remaining four groups (Ib—IVb) served as controls, in each the mice received the
same treatment as those of the corresponding "experimental" groups (Ja—IVa), but were
given injections of plain physiologic saline solution instead of the injections of the cortisone
suspension.
RESULTS
A. Macroscopic Observations. Table I shows the occurrence of first skin tumors
in each of the first 15 weeks of the experiment. It also shows the number of mice
which died without skin tumors in each week.
After 15 weeks, accidental factors complicated the course of the experiment and obscured
the results concerning its objective. In addition to a drastic rise in the death rate, an ever
increasing number of mice in all groups showed systemic development of multiple malignant
tumors of different character: the most common of these was leukemia, manifest in organs
and blood of practically all animals by the 5th month of the experiment. Moreover, there
were primary adenomas of the lung, mammary carcinomas, and other internal tumors.
The total number of mice which developed first skin tumors between the 16th and 36th
week, as well as that of the mice which died without skin tumors during this period, are
added to our tabulation (Table I).
As is likewise indicated on Table I, the average weight of our mice at the end of treatment
showed hardly any reduction under the influence of cortisone and/or biopsy trauma.
In order to demonstrate as clearly as possible the differences observed in the
incidence of first skin tumors in our different groups, the uncomplicated period
of the first 15 weeks has been subdivided into three periods, characterized by
different rates in the occurrence of tumors as shown on Table II.
1) First three weeks (period of treatment): No tumor development.
2) Fourth through eighth week: In all groups subjected to cortisone adminis-
tration and/or biopsy trauma, the rate in the occurrence of first tumors was at
its maximum. Six mice showed tumor development in the group treated with
cortisone and spared from excision trauma (Ia), whereas no tumor appeared in
the corresponding control group treated with saline (JIb). In each of the three
biopsy experiments, the group treated with cortisone showed a considerably
higher rate in the occurrence of first tumors than the parallel group treated
with saline—approximately two to three cortisone-treated animals developing
first tumors per week, as compared with one new tumor-bearer per week among
the control animals.
3) Ninth through 15th week: In all groups in which tumors had developed
during the preceding period (fourth through eighth week), the rate declined to
one new tumor-bearer in two to three, or more weeks. Tumor formation by now
occurred also in the saline control group not subjected to skin excision (Tb), at a
rate similar to that observed in the other groups during the course of this period.
After 15 weeks, the rate at which additional tumor-bearing mice were observed remained
approximately the same (one "first tumor" about every three weeks) in all groups, except in
the group not subjected to either cortisone treatment or excision (Tb), which showed an
irurease to nearly one new tumor-bearer per week.
As to the (macroscopic) appearance of the skin tumors observed throughout
the experiment, there was at least one skin tumor per animal with the char-
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TABLE I
Experiment: External treatment with methyicholanthrene in carbowax—concomitant
injections of cortisone acetate—excision trauma.
Occurrence of first skin tumors—i.e., number of new tumor bearers—per week (and weekly
death rate of mice without skin tumor)
Experimental Groups I II III IV
Number of Biopsies per AnimaI 0 1 1 2
Time of Biopsy Excisioii — 1st wk. 3rd wk. 2nd & 3rd wk.
Weeks
a
TI (Dl)
bf
T (B)
a
—
T CD)
b
T (D)
a b
T (D) T (B)
a
P (D)
b
T CD)
1st
2nd
3rd
4th
5th
6th
7th
8th
9th
10th
11th
12th
13th
14th
15th
0 (0) 0 (0)
0 (0) 0 (0)
0 (1) 0 (0)
2 (1) 0 (0)
0 (0) 0 (0)
3 (0) 0 (0)
1 (0) 0 (0)
0 (0) 0 (0)
1 (0) 1 (0)
0 (0) 0 (0)0(0)1(0)
0 (1) 0 (0)
0 (0) 1 (0)
0 (1) 0 (1)
1 (0) 0 (2)
8 (4) 3 (3)
6 (15)17 (10)
0 (1)
0 (0)
0 (0)
2 (1)
1 (1)
5 (1)
6 (1)
0 (0)
0 (1)
1 (0)
1(0)
0 (0)
0 (0)
0 (0)
0 (0)
16(6)
7 (5)
0 (1)
0 (0)
0 (0)
1 (0)
3 (0)
0 (0)
2 (0)
0 (0)
0 (0)
0 (0)
2(0)
1 (1)
0 (0)
1 (2)
0 (0)
10 (4)
5 (12)
0 (0)
0 (0)
0 (0)
0 (0)
0 (1)
7 (0)
1 (1)
1 (0)
1 (0)
0 (0)
0(0)
0 (0)
0 (1)
0 (0)
0 (1)
10 (4)
8 (15)
0 (0)
0 (0)
0 (0)
0 (0)
2 (0)
1 (0)
1 (0)
0 (0)
0 (0)
1 (1)
1(0)
0 (0)
0 (0)
1 (0)
0 (0)
7 (1)
11(14)
0 (0)
0 (0)
0 (3)
0 (0)
2 (2)
6 (0)
3 (1)
2 (1)
0 (0)
1 (0)
0(0)
0 (0)
0 (0)
1 (0)
0 (0)
15 (7)
7 (10)
0 (1)
0 (1)0 (0)
0 (0)
2 (0)
1 (0)3 (0)
0 (0)
0 (0)
1 (1)0(0)
0 (0)
0 (1)
0 (0)
1 (0)
8 (4)
6 (15)
Total
Development of leu-
kemia & other mul-
tiple systemic malig-
nancies
l6th—36th
Experimental Groups:
Average Weights of Mice in Grams
Ia lb Ila Ift lila 11Th IVa IVb
At beginning of treatment
period
At end of treatment period...
26.5 28.9 26.3 27.8 26.8
27.9 30.7 26.1 30.0 26.6
28.0
29.0
27.8
26.6
28.3
29.7
* a—Groups (50 mice each) treated with five injections of cortisone acetate per week,
for three consecutive weeks.
t b—Groups (50 mice each) treated with five injections of saline solution per week, for
three consecutive weeks.
T—Number of animals with (grossly visible) skin tumor(s).
§ D—Number of animals dead without (grossly visible) skin tumor(s).
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TABLE II
Experiment: Same as shown on Table I
Number of new tumor bearers during consecutive periods of observation
Experimental Groups:. I II Ill IV
Number of Biopsies per Anima1 0 1 1 2
Time of Biopsy ExcisionS — let wk. 3rd wk. 2nd & 3rd wk.
a bt a b a b a b
wks.
1—3
4—8
9—15
0
6
2
0
0
3
0
14
2
0
6
4
0
9
1
0
4
3
0
13
2
0
6
2
Total
Development of leukemia
& other multiple sys-
temic malignancies
16—36
8
6
3
17
16
7
10
5
10
8
7
11
15
7
8
6
* a—Cortisone groups (50 mice each).
t b—Control groups (50 mice each).
acteristics of malignancy, i.e. with firm consistency, a broad base, indurated sur-
roundings, etc., in more than 50% of the affected mice.
DISCUSSION
Unlike the findings obtained prior to the 15th week, the diversity of neoplastic
formations which developed later on was hardly amenable to evaluation. It is
evident that these unforeseen malignant formations, presumably induced by ingestion of
some of the highly concentrated carcinogen preparation in carbowax, by its autoinoculation
through scratching, or its entrance through the opening of an excision wound—may have
caused considerable alterations in the development of epidermal tumors. Modifications
through circulatory, immunologic, metabolic, nutritional, etc. changes are conceivable.
In many instances, moreover, it became difficult or impossible to differentiate—grossly or
even microscopically—epidermal neoplasms from sarcomatous or leukemic cutaneous tu-
mors.
Of necessity, this complex of potential influences and incalculable effects in the later
period obscured the results concerning the object of these experiments, i.e. the influence
of cortisone (and excision trauma) on the development of skin tumors induced by methyl-
cholanthrene. It was, therefore, necessary to confine our appraisal to the findings obtained
in the first 15 weeks of the experiment.
The comparison of the results obtained in our different experimental groups
during this earlier period shows 1) a significant acceleration in the occurrence of
first tumors in the groups treated with cortisone over the rate observed in the saline
controls—which is in agreement with the results of our previous experiments
(1, 2); and 2) an acceleration of about the same order in the groups subjected to
excision trauma over the rate observed in the mice not subjected to this trauma. Again
in confirmation of our first reportedresults the combination of both these influences
resulted in maximal acceleration.
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There was a trend toward greater acceleration after skin excision during the
first or second week of the experiment, than after excision during the third week.
In our previous experiments with methyicholanthrene and cortisone, a larger
number of tumor-bearers was encountered likewise among the mice subjected to
biopsy excision than among those spared from the trauma. Without steroid
treatment, however, no acceleration was observed after excision trauma in any
of our previous studies (1, 2, 8), nor in some of the pertinent studies by earlier
investigators, especially by Lavik, Moore, Rusch, and Baumann (9). We cannot
offer any definite explanation for this discrepancy, although differences in sus-
ceptibility among different strains of mice may play a role, and in particular the
fact that the excisions in the experiments by Lavik, Moore, Rusch, and Baumaun
were not performed until the 17th week after start of the carcinogen applications,
and most excisions in our previous studies were performed between the fourth
and tenth week, whereas all excisions in the present experiment were carried
out within the first three weeks of the experiment.
B. Microscopic Observations. A comparative assay of the specimens obtained on
consecutive days2 throughout the period of treatment revealed missing or rela-
tively poor hair-re growth in most of the cortisone-treated animals, as the treatment
progressed—whereas there was considerably more evidence of regrowth in the
animals treated with methylcholanthrene alone (communication III of this
series, Table I (10)). In addition, methyicholanthrene produced more pronounced
and more persistent alterations at the pilo-sebaceous organ in the cortisone-treated
than in the control mice. This applies, for example, to alteration of the hair
follicles to club-like or elongated clusters of frequently degenerated epidermal
cells, to cystic plugging of the follicles, and destruction of the sebaceous glands
during the period of treatment.
The histology of the tumors was (in decreasing order of frequency) that of
carcinoma, papilloma, sebaceous adenoma, or (occasionally) of sarcoma. Car-
cinoma was found in approximately two-thirds of all skin tumor-bearing animals
in the experiment, without any significant difference in the incidence in the dif-
ferent groups. Sebaceous adenomas were encountered in all groups.
DISCUSSION
The observation of more conspicuous alterations at the hair-f ollicular appara-
tus in the cortisone-treated groups than in the control groups is in agreement
with the results described in our previous reports (1, 2).
The impaired regrowth of hair in the cortisone-treated mice suggests that this
relative follicular inertia may be important for the susceptibility to chemical
induction of skin tumors—an inference in line with the observations of Wolbach
(11) and other investigators (12—15). This particular aspect of our findings
impelled us to inaugurate special investigations of the follicular cycle in mice
receiving cortisone, the results of which will be reported subsequently (10).
2 Ineach of the six groups of mice subjected to biopsy excision, different days were chosen
for the excision in different animals, so that some specimens were obtained on each of 14
different days during the three weeks' period of treatment.
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SUMMARY
(1) In confirmation of our previous findings, the occurrence of skin tumors
produced in mice by painting with methyicholanthrene (in carbowax) was ac-
celerated when the applications were combined with concomitant subcutaneous
injections of cortisone.
(2) Skin excision from the painted area resulted in a similar acceleration of
tumor development; excisions performed during the first two weeks of this
experiment tended to have a greater accelerating influence than those performed
in the third (last) week of the methylcholanthrene applications.
(3) Maximal acceleration resulted from combining the methylcholanthrene
paintings with both cortisone administration and excision trauma.
(4) Histologically, the tumors were squamous-cell carcinomas, papillomas,
sebaceous adenomas, or (occasionally) sarcomas.
In conformity with our previous results, the destructive effect of methyl-
cholanthrene on hair fofficles and sebaceous glands was definitely more pro-
nounced in the cortisone-treated mice than in the control animals. During the
period of treatment, moreover, regrowth of hair was impeded in the cortisone-
treated mice, in contrast with the findings obtained in the animals receiving the
same applications of methylcholanthrene, but no cortisone.
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